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WELLBORE CASING 
Cross Reference To Belated Applications 
This application claim* the benefit of the fifing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbor* casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally , when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent coDapae ofthe borehole waH and to prevent 
undesired outflow of drilling fluid into the form ation or inflow of fluid from the 
formation into the borehole. The borehole is drilled hi intervals whereby a casing 
which is to be installed in a lower borehole interval k lowered through a p 
installed casing of an upper borehole intern! As a consequence of this procedure 
10 the casing of the lower interval is of smallerdiaineterthanthe<»singoftheupper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cem ent a n rmU are provided between the oute^ 
surfaces of the casings and the borehole waB to seal the casings from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the weUbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large 
drUl bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that Includes installing a tubular liner and a mandrel 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the l iner in the bor eho le by extruding the liner off of the mandrel* 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing ca.sing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlap 
an already existing casing. A hardenable Quidic retting material is injected into 
an nnnnlAr region between the tubular liner and the new section of the borehole. 
Th« flnTm hiT rftginn Ketmm the tubular hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A nan hardenable fhridic material is then injected into the interior 
region of the tabular tiner betow the mandreL The tubular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
casing is sealed. The tubular Oner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable Quidic sealing 
material is removed! from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable Quidic sealing material are cured. At least a portion of 
20 PHrH fhiM»* hardenab le ire»l">g ™>t»ri i>1 within the tubular liner is removed. 

According to m^t* 1 ^ aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage . The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a Bhoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the rapport member nnri fnrlndftff a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and inchides a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an crater diameter of 
member, is provided that i ncl udes pcurftioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member Is pressurized and the second tubular member 
the mandrel into engagement with the 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sea ling members 
15 at an end portion of the annular m 

at an end portion of the *nmiiyi» member. 

According to another aspect of the present 
provided that includes a tubular liner and an annular body of a cured fluidk 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie4>aA 
lining an existing wellbore casi^ 

annular bocfr of cured fhririic BftalingniflteriaL The tubular liner is formed by the 
process of extruding the tubular Hner off of a mandreL The annular body of a 

25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that inchidea a support member, a 
mandrel, a tubular member and a shoe. The support member inchides a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahjy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfllabfe. 
Thetubularmemberiscoupledtothe The shoe is coupled to the tubular 
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member. The shoe includes a third fluid passage operably coupled to th second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
theshoeisdrillabte. 
Brief Description of the Drawings 
5 FIG. lis a fragmentary aross-section^^ 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 U a fragmentary crots-aectional view illustrating the injection of a 

first quantity of a im wfrnphl* fluidic sealing material into the new section of the 
weU borehole. 

Y\q 8a is another fragmmtgycroaa-BectionalvOT 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the weQ borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenab le fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new 
the well borehole, 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a weU borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing inchi ding a (billable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG, 10a is a croafrsectkmal fflustratioB of a welBxre including ■ pair of 



FIG. 10b is a crtje^sectianal ilhifltratlcm of an apparatus and method for 
creating a tie-back Imer uaing an ezpandible tubular member 
6 FIG. 10c is a eroaa^ecttanal fflnatraBan of the pumping of a fluidic sealing 
material into the annular region between the tubular mim^ 
casing 

HQ. 10d ia a crosa-wctional ilhn$tratkm of the pressurizing of the interior 
of the tubular member below the mandrel. 
10 FIG. 10e is a crostaoctioMl fflustratinn of the extrusion of the tubular 
member off of the mandreL 

FIQ.lOfiaamni m* Bona! m Hon of the tie-back liner before drilling 

out the shoe and packer. 

FIG. lOg is a croes-sectkmal illustration of the completed tie-back liner 
15 created using an expandible tubular member. 

FIG. lla is a fragmentary cross-sectional view ilhietm^ 
new section of a well borehole. 

PIG. lib ia a fr agmentar y <TOSB-eedacnal^ 
an «nb<>diment of an apparatus fto 
20 of the well borehole. 

FIG. He is a fragmentary cross-sectional view Dhistrstmg the injection of 
aftrst quantify of aliazdenimkfliu^s^ 
well borehole. 

FIG. lid is a fragmentary cross-sectional viewfflustratingthe introduction 
25 ofa wiper dart into the new section of thcwcUbo rchob 

FIG. lie is a fragmentary oosB-eectkoal viewiUnstratingttainjedtoof 
a second quantity ofa hardenable fbiMic srelmg material into the new section of 
the well borehole. 

FIG. llfisa fragmentary cro&s-aectional view uTnstratmg the completion 
30 of the tabular liner. 



Detailed Description of the IQostrativ* Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using on overlapping joint that prerrents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 

10 member to be supported by an casting tubular member by eipanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimises the reduction in the hole size of the 
wellbore caning necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member ofT of amandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents Quid and/or 

20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method fo r expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 

30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method farther have 
application to the joining of tubular members in general. 



■ .1 



Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbcre casing within a subterranean formation will now be 
described. As illustrated m Fig. 1, a wellbore ^ 

fbrmationl05. The weubore 100 includes an existing cased sectfon 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weflbore 100 into the anbterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As ffiustrated in Kg. 2, an apparatus 200 for forming a wellbore casing in 
10 esubterraneanf<»mationisthenpo^ 

100. The apparatus 200 preferably inehidea an wrpriHuVilfi mandrel or pig 205, a 
tabular member 210, a shoe 216, a lower cup seal 220, an upper cup seal 225, a 
£hndnaasage230,afluMpasasge235,afln^ 
mem ber 260. 

15 The expandable mandrel 205 is eonpled to and eupi>orted 

mamber260. The expandable m a ndr el 205 is preferably sdapted to controllabfr 
expand in a radial directioii. The expandable niandrel 205 may comprise any 
number of conventional coimnerciauy available expandable mandrela modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodunent,theexpendabkinandrd20^ 

disclosed in US. Patent No. 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular nieniber210 is supported by^ The 

25 tubular maiilw 210 is expanded* 

expandable mandrel 205. The tubular member 210 inay t* fabricated torn liny 
cumber of am ventkmal commercially available mjtferiala such as, for example, 
Oilfield Country Tubular Goods <OCTG), 13 cbxomhun steel tubuu^wsing, or 
plastic tubmg/casing. In a preferred enuwliment, the tubular member 210 is 

SO fabricated from OCTG in order to maximise strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
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embodiment, the inner and outer diameters of the tabular member 2 10 range from 
about 3 to 15 JB inches and 3.5 to 16 inches, respectively in order to optimally 
provide minima] telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the inandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minimize the 
possibility of buckling. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240, The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 exampk, Super Seal n float stme, Super Seal HDo^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachiognof the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In apreferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 216 optimally injects hardenable floidic sealing material into the 
region outside the shoe 216 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

SO receive a dart and/or a ball seaHngmember. In this manner, the fluid passage 240 
can be optimally sealed offby introducing a phig, dart and/or ball sealing elements 
into the fluid passage 230. 



The lower cap seal 220 is coupled to and supported by the support memb er 
250. The tower cup seel 220 preventa foreign materials famie 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, tor ~***njA*, TP cups, or Selective Injection Packer 
(SIP) cops modified m accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower 
from Halliburton EneOT 
material and contain a body of lubricant 
10 The tipper cup seal 225 is coupled to an 
250. The upper cup teal 225 prevents fm^ 

region of the tubular member 210. The upper cup seal 225 may comprise any 

TMTfnfrgr ^fr^m^^mHm*^ t*m-mmfaXfy Available cup seals such SB, fhr examp le, TP 
cups or SEP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available fi^ Halliburton En^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable numdre! 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the ex p a n d ab le 
mandrel 205. The fluid passage 230 is preferably positkm^ 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimise drag on the tubular member being run and to minimize 
surge pressures exerted on the wdttxra which corald cause a 

30 and lead to hole collapse. 

The fluid passage 235 permits fluidk materials to be released firom the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further Guidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control vahm for contro Uably 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve ia pressure activated in order to controUably yrrinimitft surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 galkraatainute and 0 to 
9,000 pei in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

16 new wellbore section 130. 

The fluid passage 240 permits fiuidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215, The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidk 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a croaa-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10 . This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurised. The Quid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In th is manner , the fluid passage 240 can be pealed off by introducing a phig, dart 
and/or ball Beating dements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tiihnlArmftinhttr2M Thgacal*245 are further positioned on an ou ter surface 265 
of the end portion 260 of the tubular member 210, The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commercially available seals such aa, for example, 
10 lead, rubber, Teflon, or epoxy seals modified in accordance with the tftftrhfng* of 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalock epoxy available fftwH^ 

to optimally provide a load bearing interflsraice fit between tha end 260 of tl» 
tubul ar member 210 an d the end 270 of the existing casing 115- 

15 In a. pre fer red embodiment, the seals 245 are selected to optimally provide 

asuflteientfrk&onalfbrceto support the expanded tubular member 2 10 from the 
existing casing 116. In a preferred embodiment, the fractional force optimally 
provided by the seals 245 ranges from about 1,000 to 1*000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support member 250 is coupled to the expand^ 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weQbore 100. In a preferred 
embodiment, the support member 250 further i n cludes one or more conventional 

25 centrahzera (not utastratad) to help stabflise the apparatus 200. 

In a preferred embodiment, a quantity of hibricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion of die tubular member 210 off 
of the expandable mandrel 205 is facflitatRjL The lubricant 276 may comprise any 

30 number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine baaed lubricants, oil baaed lubricants or Qimax 1600 Antaaieze 
(3100). In a preferred embodiment, the hibricant 275 comprises Climax 1600 
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Antiaexe (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TK in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a pr efe rred embodiment, the support member 250 is thoroughly cleaned 
S prior to assembly to the remaining portions of the apparatus 200. In this manner, 
thi? intrmhirt*'™ of fivrrign material in^> the «pp*mfam 200 i» minwnirwH This 
minimises pnmrihfltty of foreign mAtorial clogging the various flow passages 
valves of tiie apparatus 200. 

In a preferred embodiment, before or after poattoni^ 
10 within the new section 130 of the wellbore 100, a couple of weQbore volumes are 
circulated in order to ensure that no foreign materials are bested within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with t^ 
process. 

15 As illustrated in Fig. 3, the fluid passage 236 is then closed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The mat erial 305 then passes from the interior region S10 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 aiid fills the ammlar region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of die wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. The optimum flow rate and operating pressures 
vary as a ftmction of the casing and wellbore sixes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimum flow rate and operating pressure are preferably determined 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. Ia a preferred embodiment, the 
harrianahle fhridic sealing material 805 comprises a bkoded cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while alao Tnamte i niTi gqrtamQm flow characteristics bo as to minimize diffi^iT^ 
during the dis p lacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 «ufiBd«ntqu«ntitiestoensuretljat,up^ 
210, the annular regicn315tftha new ie^ 
with material 805. 

In a partiailariy preferred embodiment, aa illustrated in Fig. 3a, the wall 
t hfftkinwB and/or the outer diameter of the tabular member 210 ia reduced in the 
15 region adjacent to the mandr el 206 in order optimally permit placement of the 
«pparatus200mpc*hionamthewem Furthermore, in 

this manner, the initiation of the radial expansion of the tabular member 210 
during the extrusion process is optimally facilitated- 

Aa ilhistrated in Fig. 4, once the annular region 315 has been adequately 
20 fflW with material 306, aphv 406, crotherri 

fluid paaaage 240 thereby fhudich/ isolating the interior region 310 from the 
annular region 315. In a preferred wnhndfatmrt. anon-hardenable fluidic ™«»~jpl 
306 ia then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the mterierofthe expanded tiibular member 210 will 
25 not ccnitam significant anwinta of co^ Tha reduces and simplifies 

the coat of the entire process. Altenislh^.theinsterislSOSnwybeused 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tub ular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
JO process, the expandable mandrel m may be raiaedc^ of tte 

the tubular member 210. In a preferred embahment, during the extrusion 
process, the msxdrri 206 is rsised st spproii^ 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore aection 130 under the force of gravity* 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner* The plug 405 preferably acts to fhridicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardanahle fluidk material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from 

Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the frf^bfogw of the present disclosure. In 

15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 300 is preferably pumped into the interior region 310 at pressureB 
and flow rates ranging, for example , from approximately 400 to 10 ,000 psi and 80 

20 to 4,000 gallona/min* in this manner, the amount of hardenable fluidic sealing 
material within the interior 810 of the tubular member 210 is minimised In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the nor hardenable material 806 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 3,000 gftHnnnfrmTi fa Order tn mamma* fchft *rtnifrimi Speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects wfll be depend upon the geometry of the 
expansion mandr el 205, the material composition of the tabular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the iimer diameter, and the greater the yieH stren^ f the tubular member 210, 
then the greater the operating pr^^ 
210 off of the mandrel 205. 

For typical tubular membera 210, the extrusion of the tubular member 210 
5 offof the expindableuiandredwmbegmwlmn them 
310 reaches, for example, approximately 500 to 9,000 psL 

During the extrusion proceea, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, torn about 0to5fVeeaInap(^^ 
10 proceaa, the expandahk mandrel 205 fa r^ 

tubular member 210 at rates ranging from about0to2W»ectt«dartoinintoa t e 
*^ time required for the expa^ 
the expansion process. 

Whan the end portion 260 of the tubular niember210isiirtrudedoffofthe 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 wfll preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight orartapping joint The contact 
pressure of the overlapping joint may range, for example, from app m^n^ 
to 20,000 pst In a preferred embohinent, the contart 
20 jomt ranges fomiapprexmratehr 4^ 

pressure to activate the annular sealing membera 245 and optimal^/ provide 
resistomce to axial motion to acamm 




the section 265 of the expanded tubnlw 
25 sndfltiidicseaL In a particularly preferred amhodim^^a^^i^^^^ 

optinalhTimwide afbidfc an^ 

In a pieferred embodiment, the croeratiiujpresaureand flow rate of the cton 

hardm nhle fhiidir mntffrial 306 la controllabfr ramped doini when the expandable 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure c«ua^ 

tubular inenux* 210 <>ff of the expand lna 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% daring the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

6 Alternatively, or in combination, a shock absorber ia provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
Hie shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either beforeorafter 
the removal of the expandable mandrel 205, the integrity of the fluidk seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 1 15 is tested using conventional methods. 

If the Quidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 1 15 is satisfactory, 
then azryuncured portion of the material 306 within the expanded tubular member 

20 210 is then removed in a conventional manner such as, for exempt circalating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 316 is then allowed to core. 

As flhaatrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 605. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 615 ofcured material 305. The bottom portion of the apparatus 200 
comprising the shoe 216 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610, In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tulmiar member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 

10 mernberB 605 are bonded or molded onto the o 

260 of the tabular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tabular member 210. The pressure relief 
holes reduce the operating pressures require to e^wnd Supper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 

15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in frrrnmm^ 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly prefer red embodiment of an 
apparatus 700 for forming a casing within a weQbcre preferably includes an 

20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, afloat shoe 720, a lower enseal 725, an npper cup seal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expendable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 705 Is farther coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controUabiy expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expand able mandrels 

30 modified in accordance with the tearhrngs of the present disclosure. In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in UJ3. Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weUbore . 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 716 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figa. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pr e f e r red embodiment, the tubular member 716 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular fmmilnr cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, end a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 7 10 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably denned the r^ 

container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 end ending at the bottom 825 of the 
S tubular member 716. 

In a preferred embodiment* the wall thickness of the upper section 805 of 
the tubular member 71fi is greater than twill thicknesses of the inter medi ate 
and lower sections 810 and 815 of the tubuto 
facOiate the initiation of tte 
10 700 to be positioned in locations in the wttDhm having tight clearances. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 716 may rang* to 

to 2 inches, respectively. In a p re f erred fFmhotifrnen^ the outer diameter and wall 
thicknessof the upper section 805of the tubularmember715 range from about 3.5 
15 to 16 inches and 3JE to L5 inches, respectively. 

The outer diameter and wall thickness of tha intermediate section 810 of the 
tubular member 715 may range, for example, from about 2,5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 716 range 
20 n™ about 3.6 to 19 inches a^ 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, fbrejrample, from about 2^ to 50 inches and 1/16 
to 1-25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to L25 inches, respective*?. In a particularly 
preferred embodiment, the wall thickness of the lower section 816 of the tubular 
member 715 is further increaaed to increaae the strength of the shoe 720 when 
drfllahle materials mA an, far example, ^wfatm m nfPfK j 

The tubular member 715 preferably comprises a solid tabular member. In 
SO a preferred embodiment, the end portion 820 of the tubular member 7 16 is slotted, 
perforated, or otherwise modified to catch or alow down ^ irhfln it 

completes tha extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 715 is limited to minimize the possibility ofbuckling. 
For typical tubular member 715 m 

is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further iuchides an inlet passage 830, and one or more 
jet ports 635. In a particularly preferred embodiment the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, far blocking the inlet passage 830. The interior of the shoe 720 

10 preferabtyinchidesabotytf strength ofthe 

shoe 720. hi a particularly preferred embodiment, the body of solid material 640 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

16 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 716 and an existingwellbore casing, and to optimally fariliate the 
removal ofthe shoe 720 by drilling it out after completion ofthe extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 7115 above the expandable mandrel 706. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings ofthe present disclosure. In a preferred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TC in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cop seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715, The upper cup seal 730 may comprise any 
number of conventional commemalfy available 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present diectosora In a preferred embodiment, the upper cup seal 
730 CfHppriqeff a SIP enp aviFfihlf frrrm Halliburton ^^ey B^rrie^t m Dallas, T3T 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic materials to be transported to and 

10 from the interior region of the tubular member 715 betow the gipanrbihle mandrel 
706. The fluid passage 736 is Gnidfcr/anqW to the fluid paaaage 740. The fluid 
passage 735 ia preferably coupled to and positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 

15 to the surface to the bottom of the erpsnriahle mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoaries at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 pd in order to provide sufRdent operating pressures to extarude 

20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, daring placement of the 
apparatus 700 within a new section qfawaPbore, fluidic materials forced up the 
fluid passage 735 can be released into ttoweflbore above the tubule 
In a preferred embodiment, the apparatus 700 further includes a pressure release 

25 passage that is coupled to a nd p osition ed within the support member 260, The 
pressure release passage U further The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to ccmtroDahry minimi te surge prefigures. The 

30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The p r e ss ure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1 ,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new aecti n 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materiala to be transported to and 
5 from the region exterior to the tubular member 715* The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the exportable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fluidic materials. In this manner > the interior 
region of the tubular member 715 below the eipandihlft mandrel 705 can be 
optimally fluidicjy isolated from the region exterior to the tabular member 715* 
This permits the interior region of the tabular member 715 below the expandabl e 
mandrel 205 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

canteriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey mat erials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section ofa wellbore with fluidic materials. In a preferred e m b o di ment , the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a pt y fr rrH f ^Nvti™^ tfw»«ppf«nfcmi 700 farther includes one or more 
seals 845 coupled to and supported by the e^ 

715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 
30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In * preferred frmhodtmrnt, the seals B45 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
6 existing casing with optimal load bearing capacity to support the tubular member 
715. 

In a preferred embodiment, the seals 845 axe selected to provide a eu^ 
frictional force to support the expanded tabular member 715 from the existing 
easing. In a preferred embodiment, the frictannal force pr o vi ded by tl^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 716. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annntar member having sufficient strength to carry the apparatus 
16 700 into a new section of a wellbore. The su^rt member 746 may compriae any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 csnmriaes convention 
20 from various steel mill* in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above th*«rpimii«hUm M ifr»i container 710 within tile interior of 
the tubular member 715. in thianinTi^ the extrusion of the tubular wimiW 71 r 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
25 any number of conventional conroendaUy available lubricants such as, for 
example, Lubriplate, chlorine baaed lubricants, ofl baaed lubricants, or Climax 
1500 Antiaieze (3100). In a preferred embodiment, the lubricant 760 comprises 
Climax 1500 Antiurfexe (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide luhrication to feciliate the extrusion 
30 process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 preferably pennits the support 



member 745 to be removably coupled to the support member 760. The overshot 
connection 756 may comprise any number of conventional commercially available 
overshot connections each as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
S pr e f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a weBbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing OTOtheT high 
modifiedm accordance with the teachinge of the present diadosure. In a preferred 

15 embodiment, the support member 760 awnprises a conventional drill pipe availab Le 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or riragM ftf I re *r > "^ p ^ in ««*qrdgnee with the teachings 

26 of the present disclosure. In a preferred embodiment, the stabile 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, e couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 end to ensure that no foreign 
materi al interferes with the expansion mandrel 70S during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs, 1-7 to form a new section of casing within 
a wellbore, 

10 As illustrated in Fig* 8, in an alternative preferred Embodiment, the method 
and apparatus described herein Is used to repair an existing wellbore caring 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred «tn>mrf^imt^ M outer *nrml«r lining of cement is not provided in the 
repaired section. In the alternative preferred emb od iment, any number of fluidie 

15 T"ft+***** can be used to expand the tubular hner 810 into intimate contact with 
the damaged section of the weflbore casing such as, for example , cement, epoxy , 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubnlarn^ 
to optimally provide a flmdic eeaL In an alternative preferred embodiment, the 

20 tabular Uner 810 is termed within a 

as those used to transport hydrocarbons or wa 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described herein is used to dfrec^ Ina 
preferred embodiment an outer a 

the tubular liner 810 and the wellbore. In the alter nati ve p re fer r e d embodiment, 
any number of fluidk materials can be xiaed to expend the tubular liner 810 into 
30 intimate contact with the wellbore such as, for example, cement, epoxy, slag mix, 
or drilling mud. 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, n support member 904, hiti expendible mandrel or pig sob, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
6 and shoe 908 permits ea^rano^ In this 

manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably i nri udea an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurizing en interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croaa-Bection. 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion 910 of the expandable tubular member 902. During 
15 operation ofthe apparatus 900, tte 

of the mandrel 906 by pressurising the interior region 966 of the tahuto 
902. The tubular meinber915 preferably has aa 

In a preferred embodime nt, the wall thickness of the tubular member 916 is 
greater than thf well thlcl rogyy nf the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulare in order to optimally 
provide approximately the same mech^flfcaJ properties as the tubular member 902. 

25 In a particularly preferred embodimen 

point ranging from about 40,000 to 135,000 pel in order to optimally provide 
approximately the same yield properties as the tubiuarm The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a prefer r ed embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited to minimise the possibility ofbuckling. For typical tubular 
member materials, the coinbined length of the tubular members 902 and 915 axe 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

ThB tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials such as, for example, oilfield 
tulnilars, km alloy steels, titanfami or stainless steela. In a preferred embodiment; 
the tubular member 902 is f^^ 
provide spprora 

In a particularly prrferred embodiment, the tubular member 902 has aplasticyield 
15 point ranging from about 40,000 to 136,000 pa in order to optimally provide 
approximately the same yield properties as the tubular 

Th» wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular member 

inches. In a preferred mwfwifmflnfc, th* w»n thickness of the upper, inttit ™«*™«*>. 

20 and lower portions, 910, 912 and 9U of the tubular jnember 902 range from about 
1/8 to L2S in Order to optimally prrrviH* watt thiAnMa th*t mru f»K^if r tJy> **mm »« 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
tower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhola* 

He outer diameter of theupper, Intermediate, end lower portions, 910, 912 
and 914 of the tubular member 902 may range, to example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 M to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tabular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 emnm erciaDy available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oil field Country Tubular Goods available from, various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 pt pup nt disclosure in » pwfii i«ti embodiment, the tabular member915 comprises 
Oilfield Country Tubular Goods available from various US. steel mills. 

The various elements of the tubular meniber 902 may be co\n^ using any 
number of conventional process such as, for example, threaded connections, 
welding or ™™Mn«d from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are cc^mled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or from one piece. In a preferred embodiment, the various 

20 element s of the tubular member 915 are coupled using welding. The tubular 
member 915 niay comprise a phawdity 

end. The tubular members 902 and 916 may be coupled using any number of 
conventional process such as, for example, threaded connecti on s, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferab^ 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
iafhriiicrj coupled to theilm^ In a preferred embodiment, the fluid 

10 paasage918iauaedtoconv^hanfanahto 

apparatus 900. Inaperttcnlarfr pi»A— -1 the fluid pnmtcc Q1Q mjpr 

include one or more pressure reHaf passages (not illustrated) to release fluid 
pressure duringp oaaion i n gof the apjaratoaSOO within a wellbore. In a preferred 
embodiment, the f hrid passag e 918 is positioned along a kmgitudinal centerBna of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 ia selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

^PP^ guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferabr^ 
20 within the tubular member 916. Hie upper guide 920 may comprise any number 
of conventional guide members modified in acairdanm with tfte teachings of the 
present disclosure. In a preferred enibodiment, the upper guide 920 comprises an 
iimeraliuigadapteravmTablefromH^ 

to optimally guide the apparatus 900 within the tubular member 916. 
26 The coupling 922 couples the support ineniber 904 to the inandrel 906. The 
coupling 922 prefer^ 

The various elements of the simjxrt member 9Mm^ be eo 
number of conventional processes such as, for example, welding, threaded 
connections or machm^ In a preferred embodiment, the various 

80 elements of the support member 904 are coupled uamg threaded 

The mandrel 906 preferabry mchidea a retainer 924, a rubb^ 
expansion cone 928, alower cone retainer 930, a txxry of cement 932, a lower guide 
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93*, en extension deems 936, a spacer 938, a housing 940, a Beating sleeve 942, an 
upper cone retainer 944, a lubricator mandrd946» a hifaricatar sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946 , lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior regfon 972 oftbe tubular member 902 below tto 
rubber cup 926. The rubber cup 928 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 916. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antaseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fariliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement932,the lower guide 934, the extension sleeve 936, the bo^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

SO apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower a>ne retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the eipanwon cone 
828 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 prefers^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone ahape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a p re f e r red embodiment, the wall 
thickness of the expansion cone 928 rmges from about 0^ to 075 inclies in order 
to optimally provide adequate compressive strength with minimal material The 
10 mnrim™" *™* minimum mtt*j*m diameters rftha expansion «m* 928 may range, 
for exampto^irma abort lto47indiea.^ 

azni minimum outside diameters of the expansion cone 928 range from about 3.5 
tt> 1ft in 1?H?T to fythin PlHy imT^f **x**™m ofgtmmspmSfy ayftilahk oilfield tnKn W 

The <**i"*™am cone 928 may be fabricated from any number of conventional 

15 ronmierdally available ma^ 

or low alloy steeL In a preferred embodiment, the exranakm cone 928 fabricated 
from tool steel in order to optiinally provide high strength 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 60 RockweUC to 70 In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in orisr to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance And fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940* In a preferred embodimen t, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross section. 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alky steel In a pr e f erred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance- The surface hardness of the outer surface of the 
lower cane retainer 930 may range, far example, from about 50 Rockwell C to 70 
Rockwell C. In ft pre f erred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide hi gh yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a pref erred embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral one-piece element in order reduce the in^ 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inneT bearing stnicturefo^ 
The body of cement 932 fbrth^ 

device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable iwfolii^ composite, or aggregate material may be sub stituted 
for cement The body of cement 932 preferably has a substantially annular croas- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferabry has a substantially annular crc*s-*ectionu 

The lower guide 934 may be fabricated from any number of conventional 
comxnercialry available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield atrength- 
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The outer surface of the lower ffuide 934 preferably mates with tha inner surface 
ofthfl tubular member QQ2 to provide a eliding fit 

The extension sleeve 938 is coupled to the krwer guide 884 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular membe r 902. 
The extension sleeve 936 preferably has a substantially croes-fiectiorju 

The extension sleeve 936 may be fabricated from airy number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steel or stainless steeL In a preferred embodiment, the 
10 extension sleeve 936 is fabricated fh>m low alloy steel in order to optimally provide 
highyieM strength. Theoutersuittoofthe 

with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 (xmrponenta and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferabryindu^ 

tube 960 ofthe shoe 908, Inthjsmamier.aplugar 

surface through the fluid passages 918 and 9S2 into the fluid passage 962. 

20 Prafarahhr. the spacer AM has * mhmtm^H^ny annular mMB^ectinn, 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron, In a profaned embodiment^ ^ 
order to optimally provide drillability. The end of the spacer 938 pnrferahiy mates 

25 with the end of the extension tube 960. In a preferred embodiment, the space r 
938 and the i wwH ngal eev e 942 are formed am integral outplace »w«nt in mtim 
to reduce the number of component! and increase the strength of the apparatus. 

•n* housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation oftb* apparatus 900, the b^ 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross- section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example! oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the bousing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are farmed as an integral one-piece element in order to Tninfmitp the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to faciliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 642 is coupled to the support member 904, the body of 
cement 982, the spacer938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coiipled to the airport member 904 using 
15 the coupling 922. Preferably, the Bealing sleeve 942 has a substantially annular 

The Beating sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahnninnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drfflability of the sealing sleeve 942. 

In a particularly p re fe rred embodiment, the outer surface of the sealing 
sleeve 942 includes one or mor e p rotr u sions to f a cfl iat e the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimise the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900,the upper eoiie retainer 9 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
if? fwfrricntfti «>"tttfriiTm rn trrter to optimally provide drillabilitT of the tipper 

6 cone retainer 944. 

a yprti^W fr prefei l ^ mnWmgnt, the upper enne retainer ft44. has » 
cross-eectional shape ^^g*^ to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is ff^iMrtywrtfefly I-ehaped to provide increased rigidity and nrnirniiiy the 
10 amoimt of material that woold have ^ 

The lubricator mandrel 948 is coapied to tie retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the xnanc^ Preferably, the 

lubricator mandrel 948 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimal^ provide drfflability of the 
lubricator mandrel 946* 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retamer 924, the rubber cup 928, tte 

948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the robber cup 926. Preferably, the lubricator 

sleeve 948 has a substantial^ annular cross se ction. 

The lubricator sleeve 948 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodhnmt, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the 

lubricator sleeve 948. 



As illustrated in Fig: 9c, the lubricator above 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are prorrided between the fabricator 
6 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
9 50 preferably guides the apparatus on the support member 904. Preferably, the 
10 gn*d* Qftn hag * y^fr***™^^ «n«niirr cross 

The guide 950 may be fabricated from my number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimal^ provide drillabiUty of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centra-line of the apparatus 900. In a particularly prefer^ 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate ranging from about 0 to 9 r 000pciiir^0 to 3,000 gallons/nun m order 
to optimally provide pressures and flow rates to displace and circulate fluids during 
the installation of the apparatus 900. 

The various elements of the mandrel 906 inay be amr^ using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954 , a body of c em en t 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

SO The housing 954 is coupled to the body of cement 956 and the lower port i on 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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" shoe 908 to facilitate the eria uaon and positioning of the tabular member 902. 
Preferably, the homing 954 has a aubgtantinlly annular cross^eectaon. 

The housing 954 may be fabricated from any number of conventional 
co m m er cially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the bousing 954 is fabricated from aluminum in order to 
optimally provide drillabilily of the housing 954. 

In ii pertjoila ^ pgefenedanihodhligPt, the interior surface of the houaing 
954 rocfadftfl ffnft ormr?** pmfcriiAma to CadUate the connection between the body 
of cement 966 and the hoofing 954. 
10 Thebody of cement 956 iscoupled to ti»houiing954 f andtheaealingaleeve 

956* In a preferred embodiment, the composition of the body of cement 056 is 
selected to permit the body of ceinentto to 
d rilling machines and pr ocesses . 

The composition of the body of cement 956 may include any number of 
15 conventional cement composition! In an alternative embodiment, a (billable 
material such as , for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing aleeve 958 ia coupled to the body erf cement 956, the extension 
tube 960, the nuid passage 962, and oneOT During operation 

20 of the apparatus 900, the sealing aleeve 968 preferably is adapted to convey a 
hardenable Huidk material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order toinjocttliehardenablefluidicmaterW 
into an annular region asternal to the tubular member 902. In a preferred 
embodiment, during operation of the apparatua9M, the sealing sleero^ 

25 includes an inlet geonMtry that per^ 

lodgedin the inlet of the aealing aleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fhridic^ isolating 
member 902. 

In a preferred embodiment, the sealing aleeve 958 has a substantially 
30 annular cross-section. The sealing sleeve 968 may be febricated from anynumber 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 



-37- 



fabricated from aluminum m order to optimally provide drillabihty of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to mject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operati on ftf ^rprfltna flflQ, fo« wftalmg sleeve QflO farther indudas Met 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the seating sleeve 958. In this manner, the fluid parage 962 is blocked 
thereby fluidicty isolating the interior regkm 966 of the lobular m In 
apreferred embodiment, one end of thee 
the spacer 938 in order to optimally famKate the transfer of ^ 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available ™««™rf«'ft such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillabihty of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964, During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 

25 preferred embodiment, the fluid passage 962 is positicmed about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/mm in order to optimally 
provide fluids at operationally efficient rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900 , the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior ftha apparatus 900. In a preferred embodiment, the shoe 
908iwtfndeaaptai^ 

In a preferred embodiment, the outlet jets 964 comprise pesfia^ 
the housing 954 and the body of cement 966 in order to simplify the construction 
6 of the apparatus 900, 

The various elements of the ihoe 908 may be coupled using any number o f 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment^ the various 
elements of the shoe 908 are coupled using cement 

10 T ™ f prrfr"** embodiment, assembly AM « operate* substantially 
described above with reference to Figs. 1*8 to create a new section of casing in a 
wellbore or to repefr a wellboK 

In particular, in order to ert^ 
a drill string is used in a well known manner to drill out material from the 

15 subterranean formation to form a newBectionu 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embedment, tfr« rpy**r*tn* 000 includes the tubular member 916. Ina 
preferred embodiment a hardenable fluidic sealing bardenable fiuldic sealing 

20 material is then pumped fra The 
hardenable fluidic seelrag material then peases from the fluid passage 93 8 into the 
mteriar region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material *h*»n passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 

26 apparatus 900 via the outlet jets 964 and fiOa an annular region between the 
exterior of the tabular member 902 and the 

wellbore. Contmued pumping of the hardenable flnidic seelingrnaterial causes the 
material to fill up at least a portion of the annular region 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gaUanstoin, respectively. In a prefei ml embodiment, the 
hardenable fluidic sealing material is pumped iiito 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercialry available hardenable flnidk sealing materials such as, 
for example, slag mix, cement or epoxy. In a pre f erre d embodiment, the 
hardenable fluidic sealing material comprises bl ended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while aho truimfttfrifag op timal How characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the amwiUr region of the new section of the wellbore wiH be 
filled with hardenable material. 

20 Once the annuiar region has been tie 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external anrmlar region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other frirnflar device, preferably is 
introduced into the fluid passage 962 by mtrodudng the ptogor dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurirad, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusfonjmxess, the mandrel 906 
\3 raiflgd mit f?f thf TflWfrd pnrtim* of the tabular member* 902 and 5 "«™g 
the support member 904. Duringthisertruidon process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 si a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example , Multiple Stage Cementar (M3C) latch-down ping, Omega lateh-do wn 

10 phig or three-wiper latch down plug modified fa accordance with the 

the present disclosure* Inaprefferred embodiment, the ptagor dart 974comprises 
a MSG latchrdown plug available from Halliburton Energy Servicea In Dallaa, 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluMic material is preferably pumped into the interior region 966 at 

16 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gaflons/minin order to optiinalry extrude the tubular mem 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel w01 begin when the pressure 

20 of the interior region 966 reaches approximately 600 to 9,000 pal In a preferred 
embodiment, the extrusion of the tubular members 902 and 9 16 off of the mandrel 
906 begins when the pr e ssure of the interior region 966 reaches approximately 
1,200 to 8,500 paz with a flow rate of about 40 to 1250galtons/miinite. 

During the extrusion process, the mandrel 906 may be raised out of the 

26 expanded portions of the tubular members 902 and 916 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, during the extrusion 
process, the mandrel 906 ia raiaed out of the expended portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 fUsec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

SO permit flail expansion of the tubular members 902 and 916 prior to curing of the 
hardenable fhridie sealing material; but not so fast that timer/ adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tabular member 
916 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint . The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 paL In 
a preferred embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of welZbore casing 
ranges from approximately 400 to 10,000 pa m onto 

pressure to activate the sealing members and provide optimal resistance such that 

10 the tubular member 915 and eodati 
compressive loads. 

In a preferred embodiment, the 
hardenable fluidic material will be controUabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In thia manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 baa completed approximately all but about the laA 5 feet of the 

20 extrusion process. 

In an alternative preito e d embodiment, the operating pressure and/ or flow 
rate of the hardenable fluidic sealing material and/or the nan hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minunke shock. 

25 Alternatively, or in coimbina& 

member 904 in order to absorb the shock caused by the suddraireleaae of pressure. 

Alternatively, or in combination, a mandrel catching strui±ure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

theweQbore. In a preferred embodiment, either before or a 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the tower portion of the easting 
casing is tested using conventional methods. If the fhiidic seal of the overlapping 
joint between the tipper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, 1hen the uncured portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a am re l ati onal manner. The hardenable fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

PppfCTlhfr ffpy yprmntntngr rrtrpA hmignahla fhiidifi sealing material lrfthm 

10 the interior of the expanded tabular members 902 and 915 u then rein^^ 
conventional manner ^p^g * mwpntfanai drill string. The resulting new section 
of o^ing preferably indurif* ft™ m^panA** tabular m*raba»*flQ2 mA aik and 
outer annular layer of cured hardenable flnidic seeling material The bottom 
portion of the apparatus 900 comprising the shoe 90S may then be removed by 

15 drilling out the ahoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 torn the interior oftheweObore due 
to a malfunction. In this cir cumstance, a c on ve n tion^ drffl string is used to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 

20 the remaining sections. Tn ft i < H m^lK^?™*™*, thw inborn- *}<m*nt* nf tiw> 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a pre f erred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 909, intruding ona or more of the body of 
cement 932, the spacer 938, the seating sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946 , tha lubricator sleeve 948, the guide 9 50 , the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at feast some of these components to be drilled out using 

30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 



-43* 



Referring now to Fig*. 10a, 10b, 10c, lOd, 10e, lOt and lOga method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellborn 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 Thefirst casing 1004 preferably includes a tubular liner 1008 and a cement 

annulns 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a &*mtmt «nimlim mi 4 In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Fig*. l*9c or below with reference to rTga. lla-llf. 

10 fa a pffiUmlnrfr prff fri pi^ ""^^ r " upper pnartirm nf flw tobnlar 
liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of tta upper portion rf 
1012 includes one or more sealing members 1016 for providing a fhudic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to created 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1 105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

Hm expendable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The ~*i*wiAm* mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordant w\th t.hf t^ichirg^ ftf th^pr^mt disclosure- In a preferred 
emljodiiiijent, the expandable mandrel 1 105 comprisee a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 6,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandab le 
mandrel 1105 The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such aa, for example. Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping-. In apreferred embo diment , 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approximately 0.75 to 47 mcb^ and 1.06 to 48 inches, respectively. 
In a preferred em bodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 16.6 inches and 3.6 to 16 mche*respe<*ively inonler 
to optimally provide coverage for typiral oilfield rnning sires. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tabular member 
1110 is slottea; perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion rf tabular member 1110. In a 
preferred emhodrniimt , the length of the tabular member 1110 is limited to 
minimize the possibility of buckling. For typical tubular member 11 10 materials, 
16 tlielengtaofthfi tabular meniber 1110 is prefer 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expendable mandrel 1106 and the tubular 
member 1110. The shoe 1116tadudes the fhald passage 11S5. The shoe 1116 may 
comprise any number of conventional commercially available ahoee euch as, for 
20 example, Super Seainfloatabne,Soper Seal 

with a sealing sleeve for a latch down pmg modified in accordance with the 
teachings of the present disclosure. In apreferred embodiment, the shoe 1115 
comprises an ahiminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with sick pcirta radiating off of the exit 
25 Energy Services m Dallas, TX,m 

present disclosure, in order to optimally guide the tabular member 1 100 to the 
overlap between the tabular meniber 1100 and the c^^ 
isolate the interior of the tubular member 1100 after the latch dvwn plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1116 iiiehides one or more side outlet 
ports 1140 in fluidk communication with the fluid passage 1135. In this manner, 

-45- 



the shoe 11 15 iqjecta hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
indndea one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed off by introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130* 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Iqjectton Packer (SIP) modified in 
accordance with, the teachings of the present disclosure. In a pr e ferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services In Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1180 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the sorfeee to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centeziine of the apparatus 1100. The fluid passage 1180 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
ppBTS faooelly sffimefit rates* 

The fluid passage llSSpenrutsflnkKcmateriabto 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
co mmunicat ion with the interior region of the tubular member 1110 below the 
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expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other snnflarttevke, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidity isolated from the region exterior to the tabular 
member 1105. This pernnti the interior 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling m 

about 0 to 3,000 gallons/minute and 0 to 9,000 pai in order to optimally fill the 
annular region between the tubular ineiabcrUlO and the tubule 
fhiidie materials. In a preferred rnnhortrmimt, the fhiidpessageg 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to recerro a plug, 
20 or other similar device, to permit the interior region of ^ 

to be fhndidy isolated from the exterkrof the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be flukficfr sealed. 

The seals 1145 may comprise any number of conventional commercially 
available aeaksnch as, fo^ 

in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise scabmolde^ 

from Halliburton Energy Services in Dallas, TX m order to optimally provide a 
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hydraulic seal in the overiappingjoint an d optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to ptimaUy provide 
a sufficient frictions! force to support the expanded tubular member 1110 from the 
5 tubular liner 1008, In apreferredexnbcKiiineat, the frictional fora provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

Hie support member 1150 is coupled to the expandable mandrel 1106, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 mio the wellbor© 1000. In a p r ef erre d embodiment, the support 
member 1150 further includes one or more convent i onal centralism (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tabular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lnbriplflte,chloTinsbaaedhibricants or Climax 1600 Antiseise (3100). 

20 In a preferred embodiment, the hibricant 1160 comprises Climax 1500 Antieei2e 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 ismmimised 
This nrinnniTsrm the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fiuidk 
materials are prevented from entering the region of the welibore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZDrffl Packer Energy Services in 

5 Dallas, TX. In an alternative embodiment, a high gel strength pill may be set 
below the tie-backin place tftbepackerll55. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after portioning the apparatus 1 100 
withmthe wellbore UOO.acoupleofw 
10 cpmrrf that rtr ffrrrign Tnf+fiVf m located within the «>»nhmnn i qqq that ™fehf 
dog up the various flow passages and Tahw of theapperatua 1100 andtocnaure 
that no foreign material interferea with the operation of the expansion mandrel 
1105. 

As illustrated in 10c, a harden 

15 pumped from a surface location into the fluid pa&saga 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the bmular member 1110 mtotto 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Gmttaued pumping 
1160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallona/miii, respectively. laaprefared«mhodima^ 

into the annular region at pressures and flow rates specifically designed for the 
ca sing sixes b eing run, the annular spa ces being filled, the pumping ecpjupment 
available, and the properties of the fhiid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenahle fhddlc sealing material 1160 may comprise any number of 
conventional commercially available ha rden a h le Acidi c sealing matcriala suc h as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenabla fluirtir sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimise 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 110, the 
10 annular region will be filled with material 1160. 

As illustrated in Fig.l0d, once the annnJarregionhas been adequate^ 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 114^ 

region of the tubularmember 1110 from the annnlar region extern^ to the tubiu^ 

15 member 1110. In a preferred embodmieat, anon harden^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. Inaparticulariy preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the Quid passage 1140 with the introduction of the nan hard enable fluidk 

20 material. In this manner, the amount of hardenable fluidk material within the 
interior of the tubular member 1110 is nrinnrrimi 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the prpanriahle mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
mtawhicing the plugs 1166 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage each as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the t each i ng s 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for shoe 1106 having a common central 
inlet passage, the phiga 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the Quid passages 1140. the non 
5 hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximate^ 600 to 9,000 psi a^ 40 to 3,000 gallons/min. 
In apreferred embodiment, after placement of the ptoge 1165 in the fluid passages 
1140, the non hardenable fluidic material 1161 is preferably pumped into the 
10 interior region of the tubular member 1110 below the mand rel 1105 at pr essur es 
and flow rates ranging from approximate 1200 to 8500 pel and 40 to 1250 
gallonato in order to optima^ 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximate^ 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member llio off fifth* expandable ™p^rirri HQS bcginc 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process; the expandable mandrel 1105 m^ be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandr el HQS is raised out of the expanded portion of the 
tubular member 1110 at rates ranging from about0to2ft/secinordertooptimally 
26 provide permit adjustment of operational parameters, and 
the extrusion process wffl be completed be&ra the materia 

In a preferred embodiment, at least a portion 1180 of the tubular monber 
1110 has an internal diameter lea than the cratside diameter of the mandrel 1105. 
In t his mnmier , when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portkm erf to 

at least the weHbore casing 1012. In a particularly pusfand embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
Joint between the expanded section 1180 of the tubular member 1110 and the 
ca s ing 1012 ranges from about 600 to 10,000 pai in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1106. In this manner, extrusion of the tubular memb er 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
exp anded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of ^ 

member 1110 and the casings 1008 and 1012 ranges from about 600 to 10,000 pai 
in order to optimally provide pressure to activate the sealing members 1 145 and 

15 provide optimal reaistanwtoen^ 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUahry ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimized In a 
preferred embodiment, the operating pressure of the ftaridic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10%during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extmxion process. 
Alternative, or incombinat^ 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig, 10f, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidie seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidk seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the unoired portion of the material 1160 within the 
rrrflTifM tubular member 1110 is then removed in a conventional manner. The 
10 material 1160 within the annular regkm between the tubular me^ 
the tubular finer 10081s then allowed to cum 

As illustrated in Fig. 10t preferably any remaining cured material 1160 
within the interior of the expanded tubular mrnnher 1110 is then removed in a 
conventional rftfl nf HT^P*nff* *flHrcrypti«nnl ftrfll atring The resulting tie-back finer 
15 of casing 1170 inclu des the expanded tubular member U10 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 end packer 1156 is then preferably removed by 
drilling out the shoe 1 11 S end packer 1156 using conventional drilling methods. 
20 In a particularly prefab 
the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for hanging a tubular liner ctf^ 

As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205* The wellbore 1200 indu^ an edsthig cased section mOhavhig 

a tubular casing 1215 and an imrmlar outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1206 ? 

a drill string 1225 Is used in a wall known manner to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Pig- lib, aa apparatus 1300 forming 

in a subterranean formation is then positioned in the new section 1230 of the 

wellbore 100. The apparatus 1800 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1306 is preferably adapted to controllably 
expend in a radial direction. The expandable mandrel 1305 may comprise airy 
number of conventional commercially available expendable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as diacloeed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by referee 
present disclosure. 

The tubular member 1310 is coupled to and s uppo r te d by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expendable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, rcspectiver/. 
In a preferred embodiment, the inner andoutexdlametersof the tubular member 
1310 range from about 3 to 15.5 inches arid 3.5 to 16 inches, reap 
to optimalry provide minimal telejeopingeffect in the most commonly encountered 
wellbore sizes. 

26 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thkfrnesa and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 V4 inches and 3 K to 
16 inches, respectively . In a preferred embodiment, the waU thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 ofthe tubular member 1310 is 1^ 
5 wall thickness of the upper and lower sections, 1355 and 1365, of tlie tubular 
member 1310 in order to opt^^ 

and optimally permit the placement of the apparatus in areas of the weilbore 
having tight clearances, 

ThB tubular member 1310 preferably comprises a solid member. In a 

10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to eatefc or^ 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tabular member 1310 is Boated to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 

15 the tubular member 1310 is preferably limited to between about 40 to 2D,000 feet 
in length. 

The shoe 1315 is counted to the tubular member 1310. The shoe 1315 
preferably includes fluid paaaagee 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example , 
20 Super Seal H float shoe, Sup^ 
sealing sleeve for a latch^Joro 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-j^ 

from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
25 teachings of thepr^ 
1310 mto the we0borel200 r 

member 1310, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing operations. 
In a preferred embcJinient,^ 
30 outlet ports in fluidic c ommtini r a t ion with the fluid passage 1330. In this manner, 
theahoe 1315 praferably imeeta hardenabtofluidk «—?*nff msfrrial into the region 
outaide the shoe 1315 and tubular member 1310. In a prefenrxi embodiment, the 
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Bhoe ISIS includes the fluid passage 1330 having an inlet geometry that can 
receive a flnidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a ping, dart and/or b all sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits flnidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expand able mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a eenteriineofthe apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallona/minnta and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the f~r**AM* mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expand a b le 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxiea at flow rates and pr e ssu res ranging from about 0 

30 to 3,000 gallonsteiinxte and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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i nc ludes an inlet geometry that can receive a dart and/or a ball sealing member. 

In this manner, the ftuidpawagc 1330 

and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1 335 permita fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is counted to and positioned within the shoe 1316 in fluidic 
communication with the fluid passage 1830. The fluid passage 1 335 is preferably 
positioned substantially along the eenterlme of the apparatus 1300. The fluid 
passage 1336 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxias at flow rates and pressures ranging from about 0 to 3,000 
galkras/minute and 0 to 9,000 pei in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the wdHxare 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1356 
15 of the tubular member 1310. Tha seals 1340 are further positioned on an outer 
surfiiceufthe upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lowered portion of the caa^ 
the upper portion 1355 of the tubular member 1310 to be fluidicry sealed. The 
seals 1340 may comprise any number of conventional comma ci ally avai lab le seals 
20 such as, for example, lead, rubber, 

wtotheteachmgsofthe in a preferred embodiment, the seals 

1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services m Dallas, TX 

annuhis of the overlapping joint whikaleooreattagoiptQ^ 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected too 
asuf&oieiitfrictionalforceto 1310 from the 

existing casing 1215. In apr^erred embodiment 

the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
80 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having su ffi c ient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1845 further includes one or more conventional 
centralize** (not illustrated) to help stabilize the tubular member 1310. 
5 In aprefened embodiment, the 
prior to assembly to the remaining portions of the apparatus 1300. In this 
ma nner , the introduction of foreign materi al into the apparatus 1300 is minimized. 
This minimizes the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 
10 interferes with the expfrnwon process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the fluid pessagel320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred emhodirmmt, before or after positioning the apparatus 1300 
within the new section 1230 of the weDbore 12 00, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
ejctrnsion process* 

As illustrated in Fig. lie, a hardenable fluidicBaelmgma 
pumped from a surface location into the fhrid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior regian 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passa ge 1335 and fills the annular region 1390 between the exterior of the 
tubular member m 

1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,600 gallons/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallon a/min, respectively, in order to optimally 

10 Blithe annularregkm M*p««" 1 ato *nA the new «*»tin<n i ftfln 

of the weUbore 1200 with the hardffnahta flnidk sealing material 1380. 

The hardfmabtefluidic sealing m 
conventional ***rnr*\**i*nmi\y available hfl*4f w i > l^ flufr i i c —*»ifr»ff materials such *ff r 
for example, slag mix, cement or epozy . In a preferred embodiment, the 

15 hardenahle fluidtc sealing material 1380 compriaes blended cements designed 
specifically for the weU section 

Services in order to optimally provide support for the tubular member 1310 during 
displacementofthe material 1380 in the annular region 1390, The optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient cpiantitiea to ensure th at, upon ridial eipenaion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with materM 1380, a wiper dart 1^ 

into the fluid passage 1320. Ita wiper dart 1895 is preferabryp 

fluid passage 1320 by a non hardenahle fhiidic material 1381. The wiper dart 1395 

then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiperphigl350 causes the wq)er plug 1350 to decouple 
from the mandrel 1305. Thewiperdart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluidity imfh^ff the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a prefe rr e d embodiment, the nop 
hardenable fhrirlic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expendable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1346. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1896 into the fluid passage 1320 si a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional conunerdallyawl^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down phi£s 
or three wiper lafck-down phig/dart modified in accordance with the teachings of 

15 the present disdosure. Inapreferred embodiment, the win^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down phig is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,500 gaDons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimized 

In a preferred emborfhmmt, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approximately 500 to 9,000 psi and 
40 to 3,000 gallons/mm in order to optimally provide operating pressures to 

30 TTfinfrfttn the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 



-60- 



For typical tubular members 1310, the extrusion f the tubular member 
1310 fif of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximate^ 500 to 9,000 psL In a 
preferred embodiment , die extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tabular member diameter, wall 
thickness of the tabular me^ 

the composition of the shoe and tabular member, and the yield strength of the 
tubular member . The optimum flow rate and operating pressures are preferably 
determined using conventional mpmVat methods. 
10 During the eatra s km process, the expandable mandrel 1305 may he raised 
out of the expanded portion of the tabular member 1310 at rates ranging, for 
example^ from ab<nxt0to5fl^Bec. fa « preferred embodiment, ^inngtho cttmnion 
process, the expandable mandrel U 

of the tubular member 1310 at rates rantfngfromabout0to2ft/ae<jm(mierto 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

Whim the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1806, the outer surftce of the upper end portion 

20 1355 of the tabular mem^ 

lower end portion of the casing 1215 to fbnaanlhiidt^ovetlqmii«j(^ The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a prgfarr^ tm^^ ^ ^aft prcmnnr 
of the overlappmg joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally provide ccmtactpre^ 

enough resistance to withstand typical tensQe and compressive bads. In a 
particularly preferred embodiment, the sealing members 1340 wffl ensure an 
adequate fluidic and gaseous aeal in the overlapping joint 

In a preferred embodiment, the operathigpressureandflowi^ofthenon 

30 hardenahle fh)idir material 1381 is exmtrmlabry rmipeddown ^ the expandable 
mandrel 13(K reaches ft 

In this manner, the sudden release of preasurecauaed by the complete extrusion 
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of the tubular m emb er 1310 off fthfr **r**ndAh u» mandrel 1 flfl^ K<»miT»wwi«»H 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

AH^rrifftfimly pr in romhin fttinn a Rhnrk absorber in provided in the support 

member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination* a mandrel catching structure is provided 
10 in the upper end portion 1366 of the tubular member 1310 m 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1306 is 
remored from the wellbore 1200. In a preferred ftmhodimrrnt, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluid to seal of the 
16 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1356 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory , then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 it then mrvrvH in n ^tt**™*'™* 1 wmim«» The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1 400 includes the expanded tabular member 13 10 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
(^prising the shoe 1316 may then be r 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that inchnfeu jtigfatllmg » tubular liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel 
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The injecting preferably includes injecting a hardenable fhudic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; «nd * mm hardenable ftuldfc ™«+*->i nn intmtr region of the 
tubular liner below the mandrel. Die method preferably includes fluidicly 
5 isolating the annular region n^ the interior regito 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the h a r d en ab l e fiuidk sealing material la preferably provided at 
operating pressures and flow rates ranging ftomaboutOtoSOOOpnandO to 1^500 
gallotiftftnfr i The injecting of the non hardenable fiuidk material is preferably 
10 provided at operatingpreawm 

and 40 to 3,000 gallm Vmfa The injecting of the non hardanahbfluldfc material 
is prefexabfr provided at iedu^ 

portion of the extruding. Hie non hardenable fluidk material is preferably 
iiyected below the mandreL Ifce method preferably iiidu^ 
15 of the tubular HnerbdowtheinandreL Ihe region of the tubular liner below the 
mandrel is preferably press 

The method preferably includes fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular The method farther preferably 
indudes curing the hardenable sealing 
20 of the cured WRalrngTTifiterial located within the tubular Hner. The method farther 
preferably includes overlapping the tubular Ihw 

The method farther preferably inchidee sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method ftirtharpref 

the overlap between the tubular Knar and the existing wellbore casing. The 
method farther pref^ 

fiuidk sealing inaterial within t^ The method further 

preferably includes lubricating the surface of themandreL The method farther 
30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the completion of the extruding 



.63- 



An apparatus for creating a rasing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubularmember is coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inrfririe* one or more sealing members 
adapted to prevent foreign material fr^ 

member. The mandrel Is preferably expandable. The tubular member is 
preferably fabricated 

Country Tubular Goods, 13 cliromkun steel tubing/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psi. The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular membe r preferably includes one or more pressure relief holes at an end 

20 portion, The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel Tte shoe preferaMy includes 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillabte. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner coameter greater than an outer diameter of 
the second tubular member, has been described that in c ludes positioning a 
mandrel within an interior region o f the second tubular me mb er, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubularmember, and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging from about 
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500 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tfce method further preferably includes 
sealing the overlap between the first aid second tubular members The method 
5 further preferably m ch id es supporting the extruded first tubular member using 
the overlap with the second tubular member. Tlie method further preferably 
includes lubricating the surface of the mandrel The method fUrther preferably 
i nclu des absorbing shock. 

Aimer for use focreating&newse^ 
10 formation adjacent to an already existing section of wellbore casing has been 
described th at t nr lnd es an annular member. The annular member incfa^ 
more seeling members at an sad portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weHbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fhiMic ssalingmaterisl The tubular liner is formed bythe 
process of extruding the tubular liner ofF of a mandrel The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular finer. The 
annular body of the cured Ouidic sealing material is preferably formed by the 
20 process of injecting a twnfr «f hardenabto fhifdir sealing material into an annular 
region external ofthe tubular Knar, Daring the prmnririnfc the interior portion 
of the tubular Imer is preferab^ 
tubular liner. The interior portion of the tn^ 

to pressures ranging from about 500 to 9,000 psi. The tubular liner preferably 
25 overlaps with an existmg wellbore casing. The wellbore casing preferabfr further 
indudesaseal position^ 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
SO borehole has been described that inrfnHn iTi^n^g B tnbular liner and a mnndrd 
within the wellbore cas^ 

pressuriring a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidic material Is selected from the group consisting 
of dag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes Guidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a p r efe rre d embodiment, the 
ujectmg of thf hqdy rrf flttMV material ia pwnnA** at npflrftting preasurea and flow 
rates ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a 
preferred embodiment, the iqjecting of the bo^yoffhiidk material is provided at 
reduced opexatingpreeaurea and flowrates 

10 In a prftfr-*** 1 embodiment , the fluid™ material ia injected belowthe mandreL In 
a pr e fe rred embodiment, a region of the tubular liner below the mandrel ia 
pressurized. In a preferred embodiment,^ 

mandrel ia pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the e xis tin g weMbore casing. In a. pr e fe rred embodiment, the method further 
includes sealing the interlace between the tubular liner and the existing wellbore 
casing In a preferred embodiment, the method further includes supporting the 
extruded tubular Uner using the existing wellbore casing. In a preferred 
embodiment, the method farther includes testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method farther includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 

25 method farther facfcj*— expanding th» mandrel in * radial direction, 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
materiaL The tubular liner is formed by the process of extruding the tubular liner 
off of a mandreL The flnnnlflr body of a cured fluidic sealing material is coupled 

80 to the tubular liner- Ip » preferred embodiment the tubular liner is fonnedbythe 
process of ptedng the tubular liner and mandrel within the wellbore, and 
pressurising en interior portion of the tubular liner. In a preferred embodiment, 
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ohmng the pressurizing, the interior portion of the tubular liner is fhiididy isolated 
frgm an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of foe tubule about 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the process of nyecting a body of hardenable fluidic 
ggplTng material fn^> tm r*mnl** > rt^yin between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further indudes a aeal positioned m 

10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported for the overlap with the other existing weDbarecaamg. 

An apparatus for expanding a tubular member has been desc ri bed that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member inchidee a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to themandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 

20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load 'bearing member comprises a drillable body. 
Preferably, the inters 

bearing member. Preferably, the load bearing member comprises a drillable bo4y. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferabfr,theefipamri^ 

consisting of tool steel, titani^^ Preferably, the expansion cone has 

a surface hardness ranging from about 68 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
iu the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it ifl appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the inve ntion 
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Claim* 



11. A method of cr eating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting flnidic material into the bor ehole ; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radialfy ex p a n d in g at least a portion of the liner in the borehole fay 
r extruding at leart a portion of the liner off 

12. A method of creating a eating in a borehole located in a section of a 

2 subterranean fo rmat i on , the borehole having an already existing casing , 

3 comprising: 

4 drilling cut a new Ejection of the borehole adjacent to the already existing 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular Imer with the already eiistmg casing; 

9 injecting a hardenable fhiidic sealing material into an annular region 

10 between the tubular liner and the new lection of the borehole; 

11 flnldkhr i a olating t he annular region between the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable flnidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 intruding the tubular liner off of the expandable mand rel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity ofthe seal of the overlap between the tabular liner and 

23 the already existing casing; 

24 removing at least a portion ofthe hardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the r emaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion ofthe cured ftaito hardenable sealing material 

29 within the tabular liner. 

1 S. An apparatus for expanding a tabular member, comprising : 

2 a support member, the support member hidudmg a first fluid passage; 

3 a mandrel coupled tn the rapport member, the mandrel i n cludin g: 

4 a second fluid passage; 

5 a tubular member coupled Is the mandrel; and 

6 ashoe coupled to the tulmlar liner, the shoe mcta^ 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An apparatus for CT pn^fag a tufcu]*r member, comprising: 

2 a support member, the support member including: 
S a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing dement s; 

11 a shoe coupled to the tubular member, the shoe including: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 injecting fluidic material outride ofthe shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member. 

1 5. A method of joiiimg a second tuto 

2 first tubuJar member hara 

3 the npflfwiH tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 
6 member; 

6 preasurirfngaportionoftte 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner , comprising: 

2 an annular member, the annular member mdudfag; 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at on end portion of the nnniiiar 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular Imerfonnedby thopiocemof: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fhiklic sealing material coupled to the tubular 

5 liner. 

1 8. A tie- hack l ine r for fining an existing weMbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least aportion of ^ 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabry coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drulable; 
B an expandible tubular member coupled to the mandrel; and 

9 a shoe coupled to the tabular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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